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OPERATION METHOD OF STORAGE command from the host , transmitting a first response includ 
SYSTEM AND HOST ing a first rewrite identifier to the host in response to the first 

write command , receiving a second write command from the 
CROSS - REFERENCE TO RELATED host , transmitting a second response including the first 

APPLICATIONS 5 identifier in response to the second write command , receiv 
ing a rewrite command from the host , receiving first data 

This U.S. non - provisional patent application claims pri associated with the first write command in response to the 
ority under 35 U.S.C. § 119 of Korean Patent Application rewrite command , and transmitting a third response for the 
No. 10-2016-0101442 , filed on Aug. 9 , 2016 , the entire rewrite command to the host . 
contents of which are hereby incorporated by reference . Example embodiments of the disclosure provide an opera 

tion method executed by a storage system . The method BACKGROUND includes receiving , from a host , a first command having first 
The disclosure relates to semiconductor memory devices , information identifying a memory shared by the host and the 

and more particularly , to a method of operating a storage 15 storage system ; receiving , from the host , a stream command 
system and a method of operating a host . granting the storage system access to the shared memory 

A semiconductor memory device may be classified into a identified by the first information , the stream command 
volatile memory device that loses its stored data when its having no associated timeout period for executing the access 
power supply is interrupted and a nonvolatile memory to the shared memory ; and accessing , upon gaining access to 
device that retains its stored data even when its power supply 20 the shared memory through the stream command , the shared 
is interrupted . Examples of the volatile memory device memory in accordance with the received first information . 
include an SRAM ( static RAM ) , a DRAM ( dynamic RAM ) , 
an SDRAM ( synchronous DRAM ) , etc. Examples of the BRIEF DESCRIPTION OF THE FIGURES 
nonvolatile memory device include a ROM ( read only 
memory ) , a PROM ( programmable ROM ) , an EPROM 25 Embodiments of the disclosure will be described below in 
( electrically programmable ROM ) , an EEPROM ( electri more detail with reference to the accompanying drawings . 
cally erasable and programmable ROM ) , a flash memory , a The embodiments of the disclosure may , however , be 
PRAM ( phase change RAM ) , an MRAM ( magnetic RAM ) , embodied in different forms and should not be construed as 
an RRAM ( resistive RAM ) , an FRAM ( ferroelectric RAM ) , limited to the embodiments set forth herein . Rather , these 
etc. embodiments are provided so that this disclosure will be 

A flash memory device is widely used as a high - capacity thorough and complete , and will fully convey the scope of 
storage medium . Due to a speed limit of a flash memory the disclosure to those skilled in the art . Like numbers refer 
device , a high - capacity storage medium using a flash to like elements throughout . 
memory device uses a data buffer such as a DRAM , an FIG . 1 is a block diagram illustrating a user system in SRAM , etc. Because a data buffer such as a DRAM , an accordance with example embodiments of the disclosure . SRAM , etc. occupies a large area , a development to reduce 
a size of the data buffer is being continued . As an example , FIG . 2 is a block diagram illustrating a memory controller 

of FIG . 1 in detail . interfaces that reduce a size of a data buffer of high - capacity FIG . 3 is a flowchart illustrating a basic data input / output storage medium are being developed by sharing a part of a 
host system with the high - capacity storage medium . How- 40 operation between a host and a storage system of FIG . 1 . 
ever , there is a problem that a definition of separate inter FIG . 4 is a flowchart illustrating operations of a host and 
faces or an overhead due to separate hardware occurs in a storage system in accordance with example embodiments 
conventional methods for sharing memories . of the disclosure . 

FIG . 5 is a block diagram illustrating a user system 
SUMMARY 45 according to an operation of FIG . 4 . 

FIG . 6 is a flowchart illustrating an operation in which a 
Example embodiments of the disclosure provide an opera storage system in accordance with example embodiments of 

tion method of a storage system . The operation method may the disclosure writes data in a shared area . 
include receiving a command including information about a FIG . 7 is a flowchart illustrating an operation in which a 
shared memory from the host , receiving a stream command 50 storage system in accordance with example embodiments of 
having no timeout from the host , and transmitting a first the disclosure reads data stored in a shared area . 
packet associated with the stream command to the host in FIGS . 8 through 10 are flowcharts illustrating an opera 
response to the received stream command . The first packet tion in which a storage system in accordance with example 
includes information for accessing the shared memory . embodiments of the disclosure controls a shared area . 
Example embodiments of the disclosure provide an opera- 55 FIG . 11 is a flowchart illustrating an operation of a storage 

tion method of a host including a system memory . The system in accordance with example embodiments of the 
operation method may include allocating a part area of the disclosure . 
system memory as a shared memory for sharing with an FIGS . 12 and 13 are flowcharts illustrating an operation of 
external storage system , transmitting information about the entering a hibernation mode of a host and a storage system 
shared memory to the storage system , transmitting a stream 60 in accordance with example embodiments of the disclosure . 
command having no timeout to the storage system , receiving FIG . 14 is a flowchart illustrating a write operation of a 
a first packet associated with the stream command from the host and a storage system in accordance with example 
storage system , and performing an access operation with embodiments of the disclosure . 
respect to the shared memory in response to the first packet . FIGS . 15 and 16 are views for explaining an operation of 

Example embodiments of the disclosure provide an opera- 65 FIG . 14 . 
tion method of a storage system configured to communicate FIG . 17 is a block diagram illustrating a user system 
with a host . The method may include receiving a first according to the disclosure . 

35 
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FIG . 18 is a block diagram illustrating a solid state drive nonvolatile memory device 122 may include a plurality of 
( SSD ) to which the disclosure is applied . memory dies , a plurality of memory chips , or a plurality of 

memory packages . 
DETAILED DESCRIPTION OF THE The host 110 may include a RAM 111. The RAM 111 may 

EMBODIMENTS 5 be used as a main memory , a buffer memory , a cache 
memory , etc. of the host 110 or the user system 100. The 

Below , embodiments of the disclosure may be described RAM 111 may include a random access memory such as an 
in detail and clearly to such an extent that an ordinary one SRAM ( static RAM ) , a DRAM ( dynamic RAM ) , an 
in the art easily implements the disclosure . SDRAM ( synchronous DRAM ) , etc. 

FIG . 1 is a block diagram illustrating a user system in 10 The RAM 111 may include a user area ( UA ) and a shared 
accordance with example embodiments of the disclosure . area ( SA ) . The user area ( UA ) may indicate a storage space 
Referring to FIG . 1 , a user system 100 may include a host in which an operating system ( OS ) driven in the host 110 or 
110 and a storage system 120. The user system 100 data processed by an application is temporarily stored . That may is , the user area ( UA ) of the RAM 111 may be used as a a computing system such as a computer , a notebook , a 15 normal system memory space of the user system 100 . server , a workstation , a mobile communication terminal , a The shared area ( SA ) may indicate a storage space personal digital assistant ( PDA ) , a portable media player capable of being accessed by the storage system 120. For ( PMP ) , a smart phone , or a wearable device . example , the storage system 120 may store data in the shared 

The host 110 may write data in the storage system 120 or area ( SA ) or may read data stored in the shared area ( SA ) . may read data written in the storage system 120 based on a In this case , an access operation to the shared area ( SA ) predetermined interface . The predetermined interface may may be performed without a separate hardware circuit or a 
include at least one of a DDR ( double data rate ) interface , a change of a predetermined interface . As an example , the host 
USB ( universal serial bus ) interface , an MMC ( multimedia 110 may provide a specific command having no timeout or 
card ) interface , an eMMC ( embedded MMC ) interface , a a command having an infinite timeout to the storage system 
PCI ( peripheral component interconnection ) interface , a 25 120. The storage system 120 may access the shared area 
PCI - E ( PCI - express ) interface , an ATA ( advanced technol ( SA ) through a signal for the specific command such as a 
ogy attachment ) interface , a serial - ATA interface , a parallel response ( RES ) , a ready to transfer ( RTT ) , a data - in ( DIN ) , 
ATA interface , an SCSI ( small computer small interface ) , an a data - out ( DOUT ) , etc. 
ESDI ( enhanced small disk interface ) , an IDE integrated The aforementioned signals may have a signal form 
drive electronics ) interface , a Firewire interface , a UFS 30 defined by a predetermined interface between the host 110 
( universal flash storage ) interface , and a NVMe ( nonvolatile and the storage system 120. Accordingly , the storage system 

120 may access the shared area ( SA ) without a separate memory express ) interface . 
For brevity of description , it is assumed that the prede hardware circuit or a change of a predetermined interface . 

termined interface is a UFS interface . However , the disclo An access operation to the shared area ( SA ) of the storage 
sure is not limited thereto . An interface between the host 110 35 system 120 will be described in more detail with reference to views below . and the storage system 120 may be variously changed . As described above , the memory controller 121 may The storage system 120 may include a memory controller manage a data input / output between the host 110 and the 121 and a nonvolatile memory device 122. The storage nonvolatile memory device 122 using the data buffer 121a . 
system 120 may be used as a high - capacity storage medium 40 In this case , performance of the storage system 120 may be 
of the user system 100. The storage system 120 may be improved without an increase of a size of the data buffer provided as a high - capacity storage medium such as a UFS 121a by storing data in the shared area ( SA ) of the host 110 
card , an embedded UFS , a multimedia memory card or reading data stored in the shared area ( SA ) . 
( MMC ) , an embedded MMC , an SSD , etc. FIG . 2 is a block diagram illustrating a memory controller 

The memory controller 121 may include a data buffer 45 of FIG . 1 in detail . Referring to FIGS . 1 and 2 , the memory 
121a . The memory controller 121 may write data in the controller 121 may include a data buffer 121a , a processor 
nonvolatile memory device 122 or may read out data written 121b , a ROM 121c , a host interface 121d , and a flash 
in the nonvolatile memory device 121 under the control of interface 12le . 
the host 110. For example , the memory controller 121 may The processor 121b can control an overall operation of the 
temporarily store data received from the host 110 and may 50 memory controller 121. The data buffer 121a may be used 
control the nonvolatile memory device 122 so that data as a buffer memory , a cache memory , or a working memory 
stored in the data buffer 121a is written in the nonvolatile of the memory controller 121. The data buffer 121a may be 
memory device 122. Alternatively , the memory controller an SRAM . The ROM 121c may store various information 
121 may temporarily store data read from the nonvolatile required when the memory controller 121 operates in a 
memory device 122 in the data buffer 121a and may provide 55 firmware form . The processor 121b may be configured to 
data stored in the data buffer 121a to the host 110 . execute information or a program code stored in the data 

The nonvolatile memory device 122 may write data or buffer 121a or the ROM 121c . 
output written data under the control of the memory con The memory controller 121 can communicate with the 
troller 121. The nonvolatile memory device 122 may include host 110 through the host interface 121d . For brevity of 
a volatile memory such as an SRAM ( static RAM ) , a DRAM 60 description , it is assumed that the host interface 121d 
( dynamic RAM ) , an SDRAM ( synchronous DRAM ) , etc. or includes a universal flash storage ( UFS ) interface . For 
a nonvolatile memory such as a ROM ( read only memory ) , example , the host interface 121d may include layers such as 
a PROM ( programmable ROM ) , an EPROM ( electrically a UFS interconnect layer ( UIC ) , a UFS transport protocol 
programmable ROM ) , an EEPROM ( electrically erasable layer ( UTP ) , etc. for a communication with the host 110 . 
and programmable ROM ) , a flash memory , a PRAM ( phase 65 However , the disclosure is not limited thereto and the host 
change RAM ) , an MRAM ( magnetic RAM ) , an RRAM interface 121d may be embodied based on one of the various 
( resistive RAM ) , an FRAM ( ferroelectric RAM ) , etc. The communication interfaces described above . 
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The memory controller 121 may communicate with the Referring to FIGS . 1 through 3 , the host 110 and the 
nonvolatile memory device 122 through the flash interface storage system 120 may perform a normal read operation 
121e . The flash interface 121e may include a NAND inter through operations of S20 . The normal read operation may 
face . indicate an operation in which the host 110 reads data stored 

FIG . 3 is a flowchart illustrating a basic data input / output 5 in the storage system 120 . 
operation between a host and a storage system of FIG . 1. For The operation S20 may include operations of S21 through 
convenience of description , it is assumed that the host 110 S24 . In the operation S21 , the host 110 may transmit a read 
and the storage system 120 communicate with each other command to the storage system 120 . 
based on the UFS interface . Operation methods will be In the operation S22 , the storage system 120 may provide 
described based on the host 110 and the storage system 120 10 a data - in ( DIN ) , including all or a part of the data corre 
with reference to views below . However , the disclosure is sponding to the read command , to the host in response to the 
not limited thereto . For example , an operation of the host read command . For example , the read command may 
110 may be performed by a part ( e.g. , a device driver ) of include a logical address of read data . The storage system 
various constituent elements included in the host 110 and an 120 may read data corresponding to the logical address from 
operation of the storage system 120 may be performed by a 15 the nonvolatile memory device 122 and may provide a 
part ( e.g. , firmware or the processor 121b of the memory data - in ( DIN ) including the read data to the host 110 . 
controller 121 that drives the firmware ) of various constitu In the operation S23 , the storage system 120 may deter 
ent elements included in the storage system 120 . mine whether all the read data is transmitted . In the case 

It is assumed that signals or information transmitted where all the read data is not transmitted ( e.g. , the case 
between the host 110 and the storage system 120 are 20 where there remains read data that is not transmitted ) , the 
provided in the form of packet . The packet indicates the storage system 120 may repeatedly perform the operation of 
form of information exchanged between the host 110 and the S22 to transmit the remaining read data to the host 110 . 
storage system 120 , and may include various information In the case where all the read data is transmitted ( e.g. , the 
depending on the type of the packet . The packet may include case where there does not remain read data that is not 
a packet form of a UFS protocol information unit ( UPIU ) 25 transmitted ) , in the operation S24 , the storage system 120 
defined by a UFS interface . may transmit a response ( RES ) to the read command to the 

Referring to FIGS . 1 through 3 , the host 110 and the host 110. The host 110 may recognize that an operation with 
storage system 120 may perform a normal write operation respect to the read command is completed through the 
through operations of S10 . The normal write operation may received response ( RES ) . 
indicate an operation in which the host 110 stores data in the 30 As described above , the host 110 and the storage system 
storage system 120 . 120 may perform a normal write operation and a normal read 

The operation S10 may include operations of S11 to $ 15 . operation by sending and receiving a predetermined signal 
In an operation S11 , the host 110 transmits a write command or information according to a predetermined interface ( e.g. , 
to the storage system 120 . UFS interface ) . 

In the operation S12 , the storage system 120 may transmit 35 FIG . 4 is a flowchart illustrating operations of a host and 
ready - to - transfer ( RTT ) to the host 110 in response to the a storage system in accordance with example embodiments 
write command . The storage system 120 can determine a of the disclosure . An access operation to the shared area 
size of data capable of being received to the data buffer 121a ( SA ) of the storage system 120 is described with reference 
in response to the write command . The storage system 120 to drawings below . 
may transmit ready - to - transfer ( RTT ) including information 40 In the description that follows , signals that are transmitted 
( e.g. , a buffer offset and a buffer length ) with respect to a size and received between the host 110 and the storage system 
of the determined data to the host 110 . 120 have a similar meaning to that described with reference 

In the operation S13 , the host 110 may transmit a data - out to FIG . 3. It is assumed that a term ' stream ' means a 
( DOUT ) to the storage system 120 in response to the signal / data transmission path or a signal / data transmission 
ready - to - transfer ( RTT ) . The host 110 may include all or part 45 means which the storage system 120 uses to access the 
of write data in the data - out ( DOUT ) to transmit the data - out shared area ( SA ) . 
( DOUT ) including all or part of the write data to the storage It is assumed that a state in which the stream is open 
system 120 based on the information with respect to the data means that the storage system 120 is in a state capable of 
size included in the RTT . transmitting signal / data for accessing the shared area ( SA ) . 

Although not illustrated in the drawing , the storage sys- 50 That is , the storage system 120 may read data stored in the 
tem 120 may temporarily store write data included in the shared area ( SA ) using the ready - to - transfer ( RTT ) and the 
received data - out ( DOUT ) in the data buffer 121a and may data - out ( DOUT ) in a state in which a read stream is open 
program the write data stored temporarily in the data buffer and may store data in the shared area ( SA ) using the data - in 
121a in the nonvolatile memory device 122 . ( DIN ) in a state in which a write stream is open . 

In the operation S14 , the storage system 120 may deter- 55 It is assumed that a ' write stream'indicates an information 
mine whether all the write data is received . In the case where transmission path or an information transmission means 
all the write data is not received ( e.g. , the case where there through which the storage system 120 can write or store data 
remains write data that is not received ) , the host 110 and the in the shared area ( SA ) , a “ read stream ' indicates an infor 
storage system 120 may repeatedly perform the operations mation transmission path or an information transmission 
of S12 and S13 . 60 means through which the storage system 120 can read data 

In the case where all the write data is received ( e.g. , the stored in the shared area ( SA ) , and a ' control stream ’ 
case where there does not remain write data that is not indicates an information transmission path or an information 
received ) , in the operation S15 , the storage system 120 transmission means through which the storage system 120 
transmits a response ( RES ) to the write command to the host can transmit control information for controlling the shared 
110. The host 110 may recognize that an operation with 65 area ( SA ) . 
respect to the write command is completed through the That structures of signals or information are similar to one 
received response ( RES ) . another means that bit values of areas or fields in which a 
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form of information is predetermined by a specific interface to the shared area ( SA ) . The control information may 
are the same but bit values of reserved areas or reserved include a command for operations such as a movement , 
fields are different from one another . Even if bit values of copy , or swap of data from the user area ( UA ) to the shared 
reserved areas or reserved fields are changed , signals may be area ( SA ) , or deletion of data of the shared area ( SA ) . 
normally transmitted and received in the predetermined 5 As described above , the stream commands may be imple 
interface . mented by setting a bit value of the reserved area or the In example embodiments , operations of S110 to S150 reserved field of the normal write command and the normal may be performed during an initialization operation ( here read command to a specific value . Thus , it is possible to inafter it is referred to as S100 ) of the user system 100 . implement a stream open command without a change of a While the user system 100 is booted , the host 110 and the 10 separate hardware circuit or a conventional interface . storage system 120 may perform an initialization operation Each of the write stream command ( WS CMD ) , the read for a communication . At this time , a read stream , a write 
stream and a control stream which the storage system 120 stream command ( RS CMD ) , and the control stream com 
uses to access the shared area ( SA ) may be opened by mand ( CS CMD ) may be a command having an infinite 
performing , by the host 110 , the operations of S110 to $ 150 . 15 timeout or no timeout . For example , a normal write com 
Referring to FIGS . 1 and 4 , in the operation S110 , the host mand , a normal read command , or a separate command may 

110 may allocate the shared area ( SA ) . For example , the host have a predetermined timeout . In this case , when the normal 
110 may allocate a part of storage areas of the RAM 111 as write command , the normal read command , or the separate 
the shared area ( SA ) . The shared area ( SA ) and a user area command are transmitted to the storage system 120 and a 
( UA ) may be divided as a logical area . 20 separate response is not received until the predetermined 

In the operation S120 , the host 110 may transmit a time goes by , the user system 100 may cause an error or may 
command CMD including information about the allocated stop an operation with respect to a command not processed . 
shared area ( SA ) to the storage system 120. The information However , since the stream commands according to the 
about the allocated shared area ( SA ) may include informa disclosure have no timeout , even if the host 110 does not 
tion on a buffer size , a buffer address , a buffer offset , etc. of 25 receive a response to the stream command from the storage 
the shared area ( SA ) . The information about the shared area system 120 , the user system 100 may normally operate and 
( SA ) may be included in a reserved area or a reserved field may not stop operations with respect to the stream com 
of the command CMD . mands Even if the host 110 does not receive a separate 

The storage system 120 may recognize a size and a buffer response from the storage system 120 , the stream commands 
address of the shared area ( SA ) based on the command 30 may be maintained on a command queue of the host 110 and 
received in the operation S120 . the storage system 120 . 

In the operation S130 , the host 110 may transmit a write A command of the operation S120 may be omitted . For 
stream command ( WS CMD ) the storage system 120. The example , in the case where the command of the operation 
write stream command ( WS CMD ) may indicate a command S120 is omitted , information about the shared area ( SA ) may 
for opening a write stream through which the storage system 35 be included in the write stream command ( WS CMD ) or the 
120 can write data in the shared area ( SA ) . read stream command ( RS CMD ) , the host 110 may transmit 

The write stream command ( WS CMD ) may have a the write stream command ( WS CMD ) or the read stream 
similar structure to the read command described with ref command ( RS CMD ) , including the information about the 
erence to FIG . 3 and bit values of a part of the reserved area shared area ( SA ) , to the storage stream 120 . 
or the reserved field may be different . The write stream 40 The operation S150 of transmitting the control stream 
command ( WS CMD ) may be constituted by setting a part command ( CS CMD ) may be omitted . In the case where the 
of the reserved area or the reserved field of the read operation S150 is omitted , the storage system 120 may 
command of FIG . 3 to a specific value . The storage system provide control information ( CI ) to the host 110 using 
120 may write data in the shared area ( SA ) by providing a signals ( e.g. , data - in , data - out , response , etc. ) associated 
data - in ( DIN ) associated with the write stream command 45 with the write stream command ( WS CMD ) or the read 
( WS CMD ) to the host 110 . stream command ( RS CMD ) . A method of transmitting the 

In the operation S140 , the host 110 may transmit a read control information ( CI ) will be described in further detail 
stream command ( RS CMD ) to the storage system 120. The with reference to FIGS . 8 through 10 . 
read stream command ( RS CMD ) may indicate a command FIG . 5 is a block diagram illustrating a user system 
for opening a read stream through which the storage system 50 according to an operation of FIG . 4. Referring to FIGS . 4 
120 can read data stored in the shared area ( SA ) . The read and 5 , the user system 100 may include the host 110 and the 
stream command ( RS CMD ) may have a similar structure to storage system 120. The host 110 may include the RAM 111 
the write command described with reference to FIG . 3 and and the RAM 111 may include the shared area ( SA ) and the 
bit values of a part of the reserved area or the reserved field user area ( UA ) . The storage system 120 may include the 
may be different . The read stream command ( RS CMD ) may 55 memory controller 121 and the nonvolatile memory device 
be constituted by setting a part of the reserved area or the 122. The memory controller 121 may include the data buffer 
reserved field of the write command of FIG . 3 to a specific 121a . A detailed description of the constituent elements 
value . The storage system 120 may read data stored in the described above among constituent elements of the user 
shared area ( SA ) by providing a ready - to - transfer ( RTT ) system 100 is omitted . 
associated with the read stream command ( RS CMD ) to the 60 After the initialization operation of S100 illustrated in 
host 110 and receiving a data - out ( DOUT ) from the host 110 . FIG . 4 , each of the host 110 and the storage system 120 may 

In the operation S150 , the host 110 may transmit a control manage the write stream command ( WS CMD ) , the read 
stream command ( CS CMD ) to the storage system 120. The stream command ( RS CMD ) , and the control stream com 
control stream command ( CS CMD ) may indicate a com mand ( CS CMD ) as command queues . For example , first 
mand for opening a control stream through which the 65 through third tags ( TAG1 to TAG3 ) are given to each of the 
storage system 120 can transmit a specific command ( here write stream command ( WS CMD ) , the read stream com 
inafter it is referred to as ' control information ' ) with respect mand ( RS CMD ) and the control stream command ( CS 
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CMD ) , and each stream command may be managed in a command ( WS CMD ) may have a similar structure to a 
command queue ( CQ ) of each of the host 110 and the normal read command . The storage system 120 may trans 
memory controller 121 . mit the stream data - in ( S - DIN ) to the host 110 in response 

The storage system 120 may access the shared area ( SA ) to the write stream command ( WS CMD ) . The stream 
by transmitting a data - in , ready to transfer ( RTT ) , a 5 data - in ( S - DIN ) may include information about a buffer 
response , etc. associated with the write stream command address , a buffer offset , or a buffer length of the shared area 
( WS CMD ) , the read stream command ( RS CMD ) , or the ( SA ) in which data is to be written . control stream command ( CS CMD ) managed in the com In an operation S132 , the host 110 may write data mand queue ( CQ ) to the host 110 . included in the received stream data - in ( S - DIN ) in the As described above , the control stream command ( CS 10 shared area ( SA ) . CMD ) may be omitted . Since each of the write stream 
command ( WS CMD ) , the read stream command ( RS CMD ) FIG . 7 is a flowchart illustrating an operation in which a 
and the control stream command ( CS CMD ) has no timeout , storage system in accordance with example embodiments of 
as long as there is no separate response from the storage the disclosure reads data stored in a shared area . Referring 
system 120 , each stream command may be maintained on 15 to FIGS . 1 , 4 and 7 , the host 110 and the storage system 120 
the command queue ( CQ ) . Even if the host 110 receives a may perform an operation of S100 . The operation of the 
response from the storage system 120 , the stream command S100 may include operations of S110 to $ 150 . Since the 
may be retransmitted to the storage system 120 to reopen a operations of S110 to S150 were described with reference to 
stream corresponding to the received response . FIGS . 4 and 5 , a description thereof is omitted . 

An operation of opening a write stream , a read stream , and 20 The storage system 120 may read data stored in the shared 
a shared area command stream through a stream command area ( SA ) of the RAM 111 of the host 110. In an operation 
in an initialization operation of the user system 100 was S141 , the storage system 120 may provide the stream ready 
described with reference to FIGS . 4 and 5. However , the to transfer ( S - RTT ) to the host 110. For example , the stream 
disclosure is not limited thereto . For example , in the initial to ready ( S - RTT ) may include information about a buffer 
ization operation of the user system 100 , stream commands 25 address , a buffer offset , or a buffer length of data that needs 
may be set in advance to be loaded into the command queue to be read , that is , data stored in the shared area ( SA ) . 
( CQ ) of the host 110 and the storage system 120 without As described above , the read stream command ( RS CMD ) 
explicit stream commands That is , in the initialization opera may be similar to a normal write command of FIG . 3. That 
tion of the user system 100 , even if the host 110 does not is , the storage system 120 may transmit the ready to transfer 
provide specific stream commands to the storage system 30 ( S - RTT ) to the host 110 in response to the read stream 
120 , the write stream command ( WS CMD ) , the read stream command ( RS CMD ) . Similarly , the ready to transfer 
command ( RS CMD ) , or the control stream command ( CS ( S - RTT ) may have a similar structure to the ready to transfer 
CMD ) may be loaded into the command queue ( CQ ) of the ( RTT ) described with reference to FIG . 3 . 
host 110 and the storage system 120 in advance . Each of the In an operation S142 , the host 110 may transmit the 
write stream command ( WS CMD ) , the read stream com- 35 stream data - out ( S - DOUT ) to the storage system 120 in 
mand ( RS CMD ) , or the control stream command ( CS response to the received ready to transfer ( S - RTT ) . The 
CMD ) may be managed based on a predetermined command stream data - out ( S - DOUT ) may include read data requested 
tag . by the storage system 120 . 

FIG . 6 is a flowchart illustrating an operation in which a As described with reference to FIGS . 6 and 7 , the write 
storage system in accordance with example embodiments of 40 stream command ( WS CMD ) has a similar structure to a 
the disclosure writes data in a shared area . For convenience normal read command and the storage system 120 may write 
of description , a data - out , a data - in , a ready to transfer , and data in the shared area ( SA ) by transmitting the stream 
response signals associated with stream commands may be data - in ( S - DIN ) to the host 110 in response to the write 
referred to as a stream data - out ( S - DOUT ) , a stream data - in stream command ( WS CMD ) . 
( S - DIN ) , a stream ready to transfer ( S - RTT ) , and a stream 45 The read stream command ( RS CMD ) has a similar 
response ( S - RES ) , respectively . The stream data - out structure to a normal write command and the storage system 
( S - DOUT ) , the stream data - in ( S - DIN ) , the stream ready to 120 may receive the stream data - out ( S - DOUT ) including 
transfer ( S - RTT ) , and the stream response ( S - RES ) may the read data from the host 110 by transmitting the stream 
have a similar structure to a data - out ( DOUT ) , a data - in ready to transfer ( S - RTT ) to the host 110 in response to the 
( DIN ) , a ready to transfer ( RTT ) , and a response ( RES ) used 50 read stream command ( RS CMD ) . Thus , the storage system 
in a normal write operation and a normal read operation 120 may access the shared area ( SA ) without a separate 
respectively . hardware circuit or a change of an interface . 

Referring to FIGS . 1 , 4 and 6 , the host 110 and the storage FIGS . 8 through 10 are flowcharts illustrating an opera 
system 120 may perform an operation of S100 . The opera tion in which a storage system in accordance with example 
tion of the S100 may include operations of S110 to $ 150 . 55 embodiments of the disclosure controls a shared area . For 
Since the operations of S110 to $ 150 were described with brevity of description , it is assumed that control information 
reference to FIGS . 4 and 5 , a description thereof is omitted . ( CI ) for controlling the shared area ( SA ) is transmitted to the 

The storage system 120 may write data in the shared area host 110 in response to the control stream command ( CS 
( SA ) of the RAM 111 of the host 110. In an operation S131 , CMD ) . 
the storage system 120 may provide the stream data - in 60 However , the disclosure is not limited thereto . For 
( S - DIN ) to the host 110. For example , the stream data - in example , as described with reference to FIG . 4 , the control 
( S - DIN ) may include information of data to be written in the stream command ( CS CMD ) may be omitted . In this case , 
shared area ( SA ) and an address , offset , or length of a buffer the stream response ( S - RES ) , the stream data - in ( S - DIN ) , or 
in which data is stored . the stream ready to transfer ( S - RTT ) in which the control 

The stream - data - in ( S - DIN ) may be a signal or informa- 65 information ( CI ) is included may be provided to the host 110 
tion associated with the write stream command ( WS CMD ) . in response to the write stream command ( WS CMD ) , or the 
As described with reference to FIG . 4 , the write stream read stream command ( RS CMD ) . 
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First , referring to FIGS . 1 , 3 , 4 and 8 , the host 110 and the response to the received stream ready to transfer ( S - RTT ) . 
storage system 120 may perform an initialization operation Since the operation of S172 is similar to the operation of 
( S100 ) . An operation of S100 may include operations of S162 of FIG . 8 , a description thereof is omitted . 
S110 to $ 150 , and since this was described with reference to In an operation S173 , the host 110 may transmit a result 
FIGS . 4 and 5 , a detailed description thereof is omitted . 5 of an operation corresponding to the control information 

The storage system 120 may transmit control information ( CI ) or a stream data - out ( S - DOUT ) including information 
( CI ) for performing other operations besides the operation of of a response to the storage system 120 . 
accessing the shared area ( SA ) to the host 110. Other As described above , the storage system 120 may control 
operations may include operations such as a copy , a swap , a the shared area ( SA ) by exchanging , by the host 110 and the 
movement , etc. of data from the user area ( UA ) to the shared 10 storage system 120 , the stream ready to transfer ( S - RTT ) and 
area ( SA ) or deletion , copy , etc. of data of the shared area the stream data - out ( S - DOUT ) . In this case , since signals or 
( SA ) . information transmitted and received between the host 110 

In an operation S161 , the storage system 120 may trans and the storage system 120 has a similar structure to a ready 
mit the stream response ( S - RES ) including the control to transfer ( RTT ) and a data - out ( DOUT ) used in a normal 
information ( CI ) to the host 110. The stream response 15 operation , the storage system 120 can control the shared area 
( S - RES ) may be associated with the control stream com ( SA ) without a separate hardware circuit or a change of an 
mand ( CS CMD ) . interface . 

The stream response ( S - RES ) may have a similar struc Although not illustrated in the drawing , the operations of 
ture to the response ( RES ) described with reference to FIG . S171 and S173 may be changed to the operations of S141 
3. The stream response ( S - RES ) including the control infor- 20 and S142 of FIG . 7. For example , in the case where the 
mation ( CI ) may be constituted by adding the control control stream command ( CS CMD ) is omitted , the storage 
information ( CI ) to a reserved area of the responses system 120 , in the operation of S141 of FIG . 7 , may add the 
described with reference to FIG . 3 . control information ( CI ) to the stream ready to transfer 

In an operation S162 , the host 110 may perform an ( S - RTT ) to provide the stream ready to transfer ( S - RTT ) 
operation corresponding to the control information ( CI ) in 25 including the control information ( CI ) to the host 110. In this 
response to the received stream response ( S - RES ) . In an case , as described with reference to FIG . 7 , the stream ready 
operation S163 , the host 110 may transmit the control stream to transfer ( S - RTT ) may be information provided in 
command ( CS CMD ) including result information of the response to the read stream command ( RS CMD ) . That is , in 
operation to the storage system 120 . the case where the control stream command ( CS CMD ) is 

In example embodiments , in an operation S161 , a control 30 omitted , the storage system 120 may control the shared area 
stream may become a close state by providing , by the ( SA ) by providing the stream ready to transfer ( S - RTT ) 
storage system 120 , the stream response ( S - RES ) to the host including the control information ( CI ) to the host 110 in 
110. After completing an operation corresponding to the response the read stream command ( RS CMD ) . 
control information ( CI ) , the host 110 may transmit the Referring to FIGS . 1 , 3 , 4 and 10 , the host 110 and the 
control stream command ( CS CMD ) to the storage system 35 storage system 120 may perform an initialization operation 
120 to re - open the control stream . Accordingly , the control ( S100 ) . An operation of S100 may include operations of 
stream may become an open state again . A result of an S110 to S150 , and since this was described with reference to 
operation or information of a response is added to a reserved FIGS . 4 and 5 , a detailed description thereof is omitted . 
area or a reserved field of the control stream command ( CS In an operation S181 , the storage system 120 may trans 
CMD ) and thereby the storage system 120 may recognize 40 mit the stream data - in ( S - DIN ) including the control infor 
the result of an operation . mation ( CI ) to the host 110. The stream data - in ( S - DIN ) may 
As described above , the storage system 120 may control have a similar structure to the data - in ( DIN ) described with 

the shared area ( SA ) by exchanging , by the host 110 and the reference to FIG . 3. The stream data - in ( S - DIN ) including 
storage system 120 , the stream response ( S - RES ) and the the control information ( CI ) may be constituted by adding 
control stream command ( CS CMD ) . In this case , since 45 the control information ( CI ) to a data area of the data - in 
signals or information transmitted and received between the ( DIN ) described with reference to FIG . 3 . 
host 110 and the storage system 120 has a similar structure In an operation S182 , the host 110 may perform an 
to a response ( RES ) and a command ( CMD ) used in a operation corresponding to the control information ( CI ) . 
normal write or read operation , the storage system 120 may Since an operation of S182 is similar to the operations of 
control the shared area ( SA ) without a separate hardware 50 S162 of FIG . 8 and 9172 of FIG . 9 , a description thereof is 
circuit or a change of an interface . omitted . 

Referring to FIGS . 1 , 3 , 4 and 9 , the host 110 and the Although not illustrated in the drawing , the control infor 
storage system 120 may perform an initialization operation mation ( CI ) included in the stream data - in ( S - DIN ) of the 
( S100 ) . An operation of S100 may include operations of operation S181 may be stored in the shared area ( SA ) . The 
S110 to $ 150 , and since this was described with reference to 55 host 110 may perform an operation corresponding to the 
FIGS . 4 and 5 , a detailed description thereof is omitted . control information ( CI ) by analyzing the control informa 

In an operation S171 , the storage system 120 may trans tion ( CI ) stored in the shared area ( SA ) . 
mit the stream ready to transfer ( S - RTT ) including the The storage system 120 may change a command ID of a 
control information ( CI ) to the host 110 . command ( e.g. , the control stream command ( CS CMD ) ) 

The stream ready to transfer ( S - RTT ) may have a similar 60 corresponding to the stream data - in ( S - DIN ) . The changed 
structure to the ready to transfer ( RTT ) described with command ID may be included in the stream data - in ( S - DIN ) 
reference to FIG . 3. The stream ready to transfer ( S - RTT ) to be provided to the host 110. The control information ( CI ) 
including the control information ( CI ) may be constituted by and the changed command ID included in the stream data - in 
adding the control information ( CI ) to a reserved area of the ( S - DIN ) may be stored in the shared area ( SA ) . The host 110 
ready to transfer ( RTT ) described with reference to FIG . 3. 65 ( in particular , a device driver ( not illustrated ) ) may sense a 

In an operation S172 , the host 110 may perform an change of the command ID by polling the shared area ( SA ) . 
operation corresponding to the control information ( CI ) in In the case where the command ID is changed , the host 110 
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may analyze the control information ( CI ) stored in the hibernation mode , a command being processed between the 
shared area ( SA ) to perform a corresponding operation . host 110 and the storage system 120 has to be in a comple 

The host 110 may not provide a separate response with tion state . However , as described above , since the write 
respect to an operation according to the control information stream command ( WS CMD ) , the read stream command 
( CI ) described with reference to FIG . 10 . 5 ( RS CMD ) , or the control stream command ( CS CMD ) for 
As described with reference to FIGS . 8 through 10 , using a stream open is a command having no timeout , it is pending 

the stream ready to transfer ( S - RTT ) , the stream data - in on a command queue ( CQ ) of the host 110 and the storage 
( S - DIN ) , the stream response ( S - RES ) associated with the system 120. That is , in order for the storage system 120 to 
stream commands ( WS CMD , RS CMD , CS CMD ) having enter the hibernation mode , a termination process or a 
no timeout , the storage system 120 may provide the control 10 completion process with respect to write stream command 
information ( CI ) for controlling the shared area ( SA ) to the ( WS CMD ) , the read stream command ( RS CMD ) , or the 
host 110. In this case , since signals or information transmit control stream command ( CS CMD ) for a stream open may 
ted and received between the host 110 and the storage be required . 
system 120 have a similar structure to signals or information Accordingly , in order for the storage system 120 to enter 
used in a normal write or read operation , the storage system 15 the hibernation mode , the host 110 and the storage system 
120 can control the shared area ( SA ) without a separate 120 may perform operations of S211 to $ 216 . 
hardware circuit or a change of an interface . In the operation S211 , the host 110 may transmit a 

FIG . 11 is a flowchart illustrating an operation of a storage hibernation command to the storage system 120. The hiber 
system in accordance with example embodiments of the nation command may include information in which the host 
disclosure . Referring to FIGS . 1 and 11 , in an operation of 20 110 notifies the storage system 120 of an entry into the 
S210 , the storage system 120 may receive a stream com hibernation mode . 
mand . As described with reference to FIGS . 4 and 5 , the In the operation S212 , the storage system 120 may 
storage system 120 may receive the write stream command transmit a response with respect to the write stream com 
( WS CMD ) , the read stream command ( RS CMD ) , or the mand ( WS CMD ) to the host 110 in response to the 
control stream command ( CS CMD ) . The write stream 25 hibernation command . This means to close a write stream 
command ( WS CMD ) , the read stream command ( RS opened by an operation of S130 . 
CMD ) , or the control stream command ( CS CMD ) may have In the operation S213 , the storage system 120 may 
a similar structure to the write command or the read com transmit a response with respect to the read stream command 
mand described with reference to FIG . 3 and may be a ( RS CMD ) to the host 110 in response to the hibernation 
command having no timeout or an infinite timeout . 30 command . This means to close a read stream opened by an 

In an operation S220 , the storage system 120 may access operation of S140 . 
the shared area ( SA ) using signals or information associated In the operation S214 , the storage system 120 may 
with a stream command . As described with reference to transmit a response with respect to the control str 
FIGS . 6 through 10 , the storage system 120 may store data command ( CS CMD ) to the host 110 in response to the 
in the shared area ( SA ) , may read data stored in the shared 35 hibernation command . This means to close a shared area 
area ( SA ) , or may provide the control information ( CI ) with command stream opened by an operation of S150 . 
respect to the shared area ( SA ) to the host 110 using signals The operations of S212 to S214 may performed in parallel 
or information such as the stream data - in ( S - DIN ) , the or are not limited the operation order described above . 
stream data - out ( S - DOUT ) , the stream ready to transfer In the operation S215 , the host 110 may transmit a 
( S - RTT ) , the stream response ( S - RES ) , etc. associated with 40 hibernation entry command to the storage system after 
the stream command . receiving all of the responses of S121 to $ 215 . The hiber 
As described above , the storage system 120 may access nation entry command may be a signal provided by a 

and control the shared area ( SA ) on the host 110 by receiving physical layer ( e.g. , a UFS interconnect layer ) of the host 
the stream command from the host 110 and exchanging 110 . 
signals or information associated with the received stream 45 In the operation of S216 , the storage system 120 may 
command with the host 110. In this case , the signals or the enter the hibernation mode in response to the hibernation 
information that are transmitted and received may have a entry command . In the hibernation mode , other constituent 
similar structure to signals or information used in a normal elements may not operate except some constituent elements 
operation performed according to a predetermined interface ( e.g. , low - order physical layer ) of the storage system 120 . 
between the host 110 and the storage system 120. Since the 50 As described above , in the case where the storage system 
storage system 120 can access and control the shared area 120 enters the hibernation mode , the storage system 120 
( SA ) on the host 110 without a separate hardware circuit or may normally enter the hibernation mode by providing , by 
a change of an interface , a storage system and a user system the host 110 , an explicit command for closing opened 
having improved performance and a reduced cost may be streams to the storage system 120 and providing , by the 
provided . 55 storage system 120 , responses for closing the opened 
FIGS . 12 and 13 are flowcharts illustrating an operation of streams to the host 110 in response to that . 

entering a hibernation mode of a host and a storage system Referring to FIGS . 1 and 13 , the host 110 and the storage 
in accordance with example embodiments of the disclosure . system 120 may perform an initialization operation ( S100 ) . 

Referring to FIGS . 1 and 12 , the host 110 and the storage An operation of S100 may include operations of S110 to 
system 120 may perform an initialization operation ( S100 ) . 60 S150 , and since this was described with reference to FIGS . 
An operation of S100 may include operations of S110 to 4 and 5 , a detailed description thereof is omitted . 
S150 , and since this was described with reference to FIGS . As described above , in order for the storage system 120 
4 and 5 , a detailed description thereof is omitted . to enter the hibernation mode , the host 110 and the storage 

In a specific condition ( e.g. , a condition in which idle time system 120 may perform operations of S221 to $ 225 . 
lasts for a certain period of time ) , the storage system 120 65 In the operation S221 , the host 110 may transmit a stream 
may enter the hibernation mode under the control of the host abort command to the storage system 120. The stream abort 
110. In order for the storage system 120 to enter the command may be a command to abort the write stream 
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command ( WS CMD ) , the read stream command ( RS Let's assume that the first write command is a write 
CMD ) , and the control stream command ( CS CMD ) that are command indicating a write operation of data of 512 KB . In 
pending in a command queue ( CQ ) of the storage system this case , due to a program speed of the nonvolatile memory 
120 . device 122 and a size limit of the data buffer 121a , the write 

In the operation S222 , the storage system 120 may abort 5 data of 512 KB may not be all received . In this case , the 
stream commands that are pending in the command queue storage system 120 may give the first rewrite identifier 
( CQ ) in response to the stream abort command . ( RID1 ) to the whole or part of the write data of 512 KB and 

In the operation S223 , the storage system 120 may may include the first rewrite identifier ( RID1 ) in a first 
transmit a response to the stream abort command to the host response ( RES1 ) with respect to the first write command to 
110 . 10 provide the first response ( RES ) including the first rewrite 

After that , the host 110 may perform operations of S224 identifier ( RID1 ) to the host 110 . 
and S225 . Since the operations of S224 and S225 are similar In the case where the storage system 120 cannot receive 
to the operations of S215 and S216 of FIG . 12 , a description all the write data with respect to a write command , the 
thereof is omitted . storage system 120 may give a rewrite identifier ( RID ) to the 
As described above , the host 110 may provide a stream 15 data not received and may provide the first response ( RES1 ) 

abort command for aborting the stream commands that are including the rewrite identifier ( RID ) to the host 110. The 
pending in the command queue ( CQ ) to the storage system first response ( RES1 ) may have a similar structure to the 
120 and the storage system 120 can abort the stream response ( RES ) with respect to the write command 
commands that are pending in the command queue ( CQ ) in described with reference to FIG . 3. The first rewrite identi 
response to the stream abort command After that , the storage 20 fier ( RID1 ) may be included in a reserved area or a reserved 
system 120 may notify that opened streams are all closed by field of the first response ( RES1 ) or in a sense data area . 
providing a response to the stream abort command to the In an operation of S314 , the host 110 can move first data 
host 110 . to the shared area ( SA ) in response to the received first 

Although not illustrated in the drawing , in the case where response ( RES1 ) . The first data may indicate the entirety of 
the hibernation mode is finished , the host 110 may provide 25 write data with respect to the first write command or some 
a hibernation abort command to the storage system 120 . write data that is not transmitted to the storage system 120 . 
After that , the host 110 may open the closed streams again The host 110 may manage the first data with reference to the 
by performing the operations of S100 . first rewrite identifier ( RID1 ) . The movement of the first data 
As described above , the host 110 and the storage system may be logically performed through a method such as a 

120 may normally enter the hibernation mode by closing the 30 buffer address swap , an offset change , etc. 
opened streams using a specific command and a response . In the case where the whole write data with respect to the 
Thus , since the host 110 and the storage system 120 can be first write command is transmitted to the storage system 120 , 
embodied without a separate hardware circuit or a change of the first rewrite identifier ( RID1 ) is not given and the 
an interface , a storage system having improved performance operation of the S314 may be omitted . 
and a reduced cost may be provided . In an operation S320 , the host 110 may transmit a second 

FIG . 14 is a flowchart illustrating a write operation of a write command to the storage system 120 . 
host and a storage system in accordance with example The host 110 and the storage system 120 may perform 
embodiments of the disclosure . In the description that fol operations of S321 and S322 . Since the operations of the 
lows , for convenience of description , it is assumed that S321 and the S322 are similar to the operations of the S12 
during one write operation , write data with respect to a write 40 and the S13 , a detailed description thereof is omitted . 
command are not all transmitted to the storage system 120 . In an operation of S323 , the storage system 120 may 
After one write operation is performed , it is assumed that transmit a second response ( RES2 ) including the first rewrite 
write data that is not transmitted exists . At this time , it is identifier ( RID1 ) as a next rewrite identifier and a second 
assumed that the one write operation indicates an operation rewrite identifier ( RID2 ) as a current rewrite identifier to the 
from time when a write command is received to time when 45 host 110. For example , first write data to which the first 
a response to the write command is transmitted . rewrite identifier ( RID1 ) is given may be stored in the shared 

Referring to FIGS . 1 and 14 , in an operation of S310 , the area ( SA ) of the host 110. The storage system 120 may 
host 110 may transmit a first write command to the storage include the first rewrite identifier ( RID1 ) as a next rewrite 
system 120. The host 110 and the storage system 120 may identifier in the second response ( RES2 ) to receive the first 
exchange data with each other by performing operations of 50 write data stored in the shared area ( SA ) of the host 110. The 
S311 and S312 . Since the operations of S311 and S312 are response of the operation S323 may further include infor 
similar to the operations of S12 and S13 of FIG . 3 , a mation such as a buffer address , a buffer offset , or a buffer 
description thereof is omitted . The operations of S311 and length with respect to the first data . 
S312 may be repeatedly performed or may be omitted In the case where the storage system 120 does not receive 
depending on data capacity of the data buffer 121a of the 55 the whole write data with respect to the second write 
storage system 120 , whether the nonvolatile memory device command similar to that described with reference to the 
122 is programmed , or program performance . operation S313 , the storage system 120 may give the second 

In an operation of S313 , the storage system 120 may rewrite identifier ( RID2 ) to the remaining write data among 
provide a first response ( RES1 ) including a first rewrite ID the write data with respect to the second write command . 
( RID1 ) to the host 110. For example , the storage system 120 60 The second rewrite identifier ( RID2 ) may be included in the 
may provide a ready to transfer ( RTT ) to the host 110 second response ( RES2 ) as a current rewrite identifier . 
according to receivable data volume of the data buffer 121a In an operation S324 , the host 110 may move second data 
in response to the first write command and the host 110 may to the shared area ( SA ) in response to the response of the 
include a part of the write data in the data - out ( DOUT ) operation S323 and may manage the second data which was 
according to the ready to transfer ( RTT ) to provide the 65 moved to the shared area ( SA ) with reference to the second 
data - out ( DOUT ) including a part of the write data to the rewrite identifier ( RID2 ) . Similar to the operation S314 , in 
storage system 120 . the case where the whole write data with respect to the 
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second write command is transmitted to the storage system In the description that follows , there is described that a 
120 , the second rewrite identifier ( RID2 ) is not given and the rewrite identifier is given to write data with respect to a write 
operation of the S324 is omitted . command . However , the disclosure is not limited thereto . 

In an operation S330 , the host 110 may transmit a rewrite For example , a rewrite identifier may be given in units of 
command with respect to the first data to the storage system 5 write data units . 
120 in response to the second response ( RES2 ) ( in particular , Referring to FIGS . 1 , 14 and 16 , the user system 100 may 
the first rewrite identifier ( RID1 ) set as a next rewrite include the host 110 and the storage system 120. As illus 
identifier ) . trated in a first section of FIG . 15 , the host 110 can transmit 

Thereafter , the host 110 and the storage system 120 may a first write command for storing first data ( DATA_11 to 
perform operations of S331 and S332 . Since the operations 10 DATA_14 ) in the storage system 120 to the storage system 
of the S331 and the S332 are similar to the operations of the 120 ( S310 ) . 
S12 and the S13 of FIG . 3 , a detailed description thereof is The host 110 may transmit the data unit ( DATA_11 ) 
omitted . among the first data ( DATA_11 to DATA_14 ) to the storage 

In the operation S333 , the storage system 120 may system 120 in response to a ready to transfer ( RTT ) of the 
provide a third response ( RES3 ) including state information 15 storage system 120 ( refer to the S311 and the S312 of FIG . 
of the first rewrite identifier ( RID1 ) to the host 110. The 14 ) . 
whole first data of the shared area ( SA ) may be transmitted After that , the storage system 120 may give the first 
to the storage system 120 by repeatedly performing , by the rewrite identifier ( RID1 ) to the remaining data units 
host 110 and the storage system 120 , the operations of S330 ( DATA_12 to DATA_14 ) and may transmit a first response 
to S332 more than once . In this case , since the whole first 20 including the first rewrite identifier ( RID1 ) as the current 
data is stored in the storage system 120 , the first data of the identifier to the host 110. In the case where there is no 
shared area ( SA ) doesn't need to be maintained . storable capacity in the data buffer 121a of the storage buffer 

In contrast , only some data of the first data may be 120 due to a program speed of the nonvolatile memory 
transmitted to the storage system 120 by repeatedly per device 122 , the rewrite identifier may be given . 
forming , by the host 110 and the storage system 120 , the 25 As illustrated in a second section of FIG . 15 , the host 110 
operations of S330 to S332 more than once . In this case , can manage the remaining data units ( DATA_12 to 
since among the first data , data which is not transmitted to DATA_14 ) based on the first rewrite identifier ( RID1 ) in 
the storage system 120 has to be transmitted to the storage response to the received first response ( in particular , the first 
system 120 again through a next write operation , the data rewrite identifier ( RID1 ) ) . The remaining data units 
has to be maintained in the shared area ( SA ) . 30 ( DATA_12 to DATA_14 ) may be moved to the shared area 

As described above , state information about whether first ( SA ) . 
data corresponding to the first rewrite identifier ( RID1 ) is all As illustrated in a first section of FIG . 16 , the host 110 
transmitted to the storage system 120 or whether data that is may transmit a second write command for storing second 
not transmitted exits may be provided to the host 110. The data ( DATA_21 to DATA_24 ) in the storage system 120 to 
host 110 can release the first data from the shared area ( SA ) 35 the storage system 120 . 
or maintain the first data and information ( e.g. , a rewrite In the case where the nonvolatile memory device 122 
identifier , a first data buffer address , a buffer offset , etc. ) ( refer to FIG . 1 ) of the storage system 120 is being pro 
corresponding to the first data on the basis of the received grammed and there is no receivable storage space in the data 
state information . buffer 121a , the storage system 120 does not receive the 
As described above , in the case where the storage system 40 second data ( DATA_21 to DATA_24 ) and may transmit a 

120 cannot receive the whole write data with respect to the second response ( RES2 ) with respect to the second write 
write command depending on accommodative capacity of command to the host 110. In this case , the second response 
data of the data buffer 121a or program performance of the ( RES2 ) may include information of the second rewrite 
nonvolatile memory device 122 , the storage system 120 may identifier ( RID2 ) as a current rewrite identifier and the first 
perform a write operation with respect to the remaining data 45 rewrite identifier ( RID1 ) as a next rewrite identifier . The 
by giving a rewrite identifier ( RID ) with respect to the write current rewrite identifier indicates a rewrite identifier given 
command not received and requesting a response of other to the remaining data units among the second data corre 
commands for a rewrite operation with respect to the rewrite sponding to the write command ( i.e. , the second write 
identifier ( RID ) . Thus , a storage system having improved command ) being processed . 
performance is provided . The storage system 120 may further include buffer offset 

FIGS . 15 and 16 are views for explaining an operation of information of data units corresponding to the first rewrite 
FIG . 14. For brevity of description , constituent elements identifier ( RID1 ) in the second response ( RES2 ) . That is , the 
unnecessary for describing the operation of FIG . 14 are storage system 120 may determine a size of data that the 
omitted . In FIGS . 15 and 16 , data on the host 110 means that storage system 120 likes to receive in a rewrite operation . 
it is stored in the RAM 111 of the host 110 and data on the 55 As illustrated in a second section of FIG . 16 , the host 110 
storage system 120 means that it is stored in the data buffer can manage the remaining data units ( DATA_21 to 
121a or the nonvolatile memory device 122. In FIGS . 15 and DATA_24 ) based on the second rewrite identifier ( RID2 ) in 
16 , there is illustrated that data is directly transmitted from response to the received second response ( RES2 ) . 
the host 110 to the storage system 120. However , this is only The host 110 may perform a rewrite operation with 
for brevity of views , and the host 110 and the storage system 60 respect to the data units ( DATA_12 to DATA_14 ) corre 
120 may exchange a ready to transfer ( RTT ) and a data - out sponding to the first rewrite identifier ( RID1 ) set as a next 
( DOUT ) with each other according to a predetermined rewrite identifier in response to the received second response 
interface . ( RES2 ) . 

It is assumed that write data with respect to a write The host 110 may transmit a rewrite command with 
command includes 4 data units . The data unit may indicate 65 respect to the first rewrite identifier ( RIDI ) to the storage 
a data unit defined by the host 110. However , the disclosure system 120 to perform a rewrite operation . After that , the 
is not limited thereto . data units ( DATA_12 to DATA_14 ) corresponding to the 
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first rewrite identifier ( RID1 ) may be transmitted to the to “ 1 ” , a field of a “ NextCMDRewrite TaskID ” may be set to 
storage system 120 by repeatedly performing , by the host a rewrite identifier which becomes a write target again , and 
110 and the storage system 120 , the operations of S331 and a rewrite operation may be requested to the host 110 by 
S332 of FIG . 14 . setting buffer information in fields of a “ NextCMDBuffer 

After that , the storage system 120 may transmit a third 5 Offset ” and a " NextCMDBufferLength ” . The field and the 
response ( RES3 ) including state information of the first constitution illustrated in the table 1 are only an illustration 
rewrite identifier ( RID1 ) to the host 110. As illustrated in the for describing embodiments of the disclosure and the dis 
second section of FIG . 16 , in the case where data units closure is not limited thereto . 
corresponding to the first rewrite identifier ( RID1 ) are all A rewrite command issued from the host 110 may include 
received to the storage system 120 , it is considered that the information such as a table 2 . 
data units corresponding to the first rewrite identifier ( RID1 ) 
are all stored in the storage system 120. In this case , the state TABLE 2 
information of the first rewrite identifier ( RID1 ) is set as Field size comment completion and information about the data units correspond 
ing to the first rewrite identifier ( RID1 ) on the host 110 may 15 bit A given rewrite identifier 
be released . Flush 1 bit 1 : a rewrite operation by a flush request of a 

Although not illustrated in the drawing , in the case where 0 : a rewrite operation by a request of a the data units corresponding to the first rewrite identifier storage system 
( RID1 ) are not all transmitted to the storage system 120 ( i.e. , 
in the case where data units that are not transmitted exist ) , 
the state information of the first rewrite identifier ( RID1 ) is Referring to FIG . 2 , a rewrite command may include a 
set as incompletion and the host 110 maintains information rewrite identifier ( RID ) and flush information that are given 
about the data units that are not transmitted . by the storage system 120. As illustrated in FIG . 16 , the host 

As described above , the storage system 120 may request 110 may transmit the rewrite command to the storage system 
the host 110 for a rewrite operation by giving a rewrite 120 in response to a second response in which a next rewrite 
identifier to the data units that are not transmitted and identifier is set . In this case , the rewrite command may 
including rewrite identifier information given to a response include the next rewrite identifier included in the second 
of other commands Thus , write performance of the storage response . 
system 120 is improved without an increase of the data The rewrite operation may be performed by not only a 
buffer 121a or a change of an interface of the storage system request of the storage system 120 but also a flush request of 
120 . an operating system in the host 110. In this case , the host 110 

Information such as the rewrite identifier or the state may notify that the rewrite command is a rewrite command 
information of the rewrite identifier may be stored in a by a flush request by setting a value of “ Flush ” field of the reserved area or a separate area of a response according to 35 rewrite command to “ 1 ” . a predetermined interface between the host 110 and the The field and the constitution illustrated in the table 2 are storage system 120. A table 1 shows information included in only an illustration for describing embodiments of the a response ( RES ) . disclosure and the disclosure is not limited thereto . 

FIG . 17 is a block diagram illustrating a user system 
TABLE 1 40 according to the disclosure . Referring to FIG . 17 , a user 

Field name Field size comment system may include a host 1100 and a storage system 1200 . 
The host 1100 may include an application 1110 , a system 

Current RewriteState 0 : a current command is not used memory 1120 , a device driver 1130 , a host controller 1140 , in a next rewrite operation . and a UFS interconnect layer 1150 . 1 : a current command is used in a 
next rewrite operation . The application 1110 may include an operating system 

Rewrite TaskID In the case where a ( OS ) and various application programs that are driven in the 
currentCMDRewriteState is ' 1 ' , it host 1100 . 
is valid . The system memory 1120 may be used as a buffer 0 : a next CMD is not allocated . 
1 : a rewrite command is issued as a memory , a cache memory , or a main memory of the host 
next CMD in a host . 50 1100. The system memory 1120 may be a high speed random 

Rewrite TaskID In the case where a access memory such as an SDRAM , an SRAM , a DRAM , NextCMDRewriteState is ' 1 ' , it is a PRAM , an ReRAM , an MRAM , an FRAM , a TRAM , etc. 
BufferOffset A buffer offset of a next rewrite The system memory 1120 may be the RAM 111 described 

command with reference to FIGS . 1 through 16 and may include a user 
BufferLength A buffer length of a next rewrite 55 area ( UA ) and a shared area ( SA ) . The system memory 1120 command may be accessed or controlled by the storage system 1200 

through the method described with reference to FIGS . 1 
Referring to the table 1 , the embodiments of the disclo through 16 . 

sure described with reference to FIGS . 14 through 16 may The device driver 1130 may be a program that performs 
be implemented by including the information of the table 1 60 an operation of converting input / output commands from an 
in a response ( RES ) with respect to a command from the application of the host 1100 into a message corresponding to 
host 110. In the case where write data with respect to the first the storage system 1200 . 
write command is not all received , a field of the “ CurrentC The host controller 1140 may be a hardware circuit that 
MDRewriteState ” may be set to “ l ” and a rewrite identifier generates various signals for controlling the storage system 
( RID ) may be set in a field of a " CurrentCM- 65 1200 under the control of the device driver 1130 . 
DRewrite TaskID " . In the case where a rewrite operation is The UFS interconnect layer 1150 may be a physical layer 
required , a field of the " NextCMDRewriteState ” may be set for providing signals from the host controller 1140 to the 
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storage system 1200. The UFS interconnect layer 1150 may As is traditional in the field , embodiments may be 
include physical layers such as UniPro , M - Phy , etc. described and illustrated in terms of blocks which carry out 

The storage system 1200 may include a memory control a described function or functions . These blocks , which may 
ler 1210 and a nonvolatile memory device 1220. The storage be referred to herein as units or modules or the like , are 
system 1200 may be provided to a USF card or an embedded 5 physically implemented by analog and / or digital circuits 
UFS device . such as logic gates , integrated circuits , microprocessors , 

The memory controller 1210 may receive a reset signal microcontrollers , memory circuits , passive electronic com 
( Reset_n ) for a hardware reset and a reference clock ponents , active electronic components , optical components , 
( REF_CLK ) from the host 1100. The memory controller hardwired circuits and the like , and may optionally be driven 
1210 may include a UFS interconnect layer 1211 of the same 10 by firmware and / or software . The circuits may , for example , 
kind as the UFS interconnect layer 1150 included in the host be embodied in one or more semiconductor chips , or on 
1100. The UFS interconnect layer 1150 of the host 1100 and substrate supports such as printed circuit boards and the like . 
the UFS interconnect layer 1211 of the storage system 1200 The circuits constituting a block may be implemented by 
may exchange data - in ( DIN ) and data - out ( DOUT ) with dedicated hardware , or by a processor ( e.g. , one or more 
each other . The data - in ( DIN ) and the data - out ( DOUT ) may 15 programmed microprocessors and associated circuitry ) , or 
be provided in the form of a signal defined by a predeter by a combination of dedicated hardware to perform some 
mined interface between the host 1100 and the storage functions of the block and a processor to perform other 
system 1200. The data - in ( DIN ) and the data - out ( DOUT ) functions of the block . Each block of the embodiments may 
may include signals such as the commands , the data - in , the be physically separated into two or more interacting and 
data - out , the ready to transfer , and the response that are 20 discrete blocks without departing from the scope of the 
described with reference to FIGS . 1 through 16 . disclosure . Likewise , the blocks of the embodiments may be 

The host 1100 and the storage system 1200 may operate physically combined into more complex blocks without 
based on the operation method described with reference to departing from the scope of the disclosure . 
FIGS . 1 through 16. That is , the storage system 1200 may The contents described above are specific embodiments 
access the system memory 1120 based on the operation 25 for implementing the disclosure . The disclosure may include 
method described with reference to FIGS . 1 through 16 . not only the embodiments described above but also embodi 

FIG . 18 is a block diagram illustrating a solid state drive ments in which a design is simply or easily capable of being 
( SSD ) to which the disclosure is applied . Referring to FIG . changed . The disclosure may also include technologies 
18 , the SSD system 2000 may include a host 2100 and an easily changed to be implemented using the aforementioned 
SSD 2200 . 30 embodiments . Thus , the scope of the disclosure is to be 

The SSD 2200 may exchange a signal SIG with the host determined by the following claims and their equivalents , 
2100 through a signal connector 2201 and may receive and shall not be restricted or limited by the embodiments 
power PWR through a power connector 2202. The signal described above . 
SIG may include information such as the commands , the What is claimed is : 
data - in , the data - out , the ready to transfer , and the response 35 1. An operation method executed by a storage device that 
that are described with reference to FIGS . 1 through 16. The communicates with an external host , the method compris 
SSD 2200 includes an SSD controller 2210 , a plurality of ing : 
flash memories ( 2221 to 222n ) , an auxiliary power supply receiving , from the external host , a command including 
device 2230 , and a buffer memory 2240 . information about a system memory placed in the 

The SSD controller 2210 may control the plurality of flash 40 external host ; 
memories ( 2221 to 222n ) in response to the signal SIG receiving , from the external host , a write stream command 
received from the host 2100. The plurality of flash memories and a read stream command , each of the write stream 
( 2221 to 222n ) may operate under the control of the SSD command and the read stream command corresponding 
controller 2210. The SSD controller 2210 can access a to an infinite timeout ; 
system memory ( not illustrated ) included in the host 2100 45 receiving , from the external host , a read command cor 
according to the method described with reference to FIGS . responding to a first predetermined timeout , and then 
1 through 16 . performing , in response to the read command , a read 

The auxiliary power supply device 2230 is connected to operation corresponding to the read command , and then 
the host 2100 through the power connector 2202. The transmitting a data - in packet including first data read by 
auxiliary power supply device 2230 may receive power from 50 the read operation to the external host within the first 
the host 2100 to be charged . In the case where power is not predetermined timeout ; 
smoothly supplied from the host 2100 , the auxiliary power writing second data in the system memory placed in the 
device 2230 may supply power of the SSD 2200 . external host by transmitting a stream data - in packet 

The buffer memory 2240 operates as a buffer memory . including the second data to the external host , the 
The buffer memory 2240 may temporarily store data 55 stream data - in packet corresponding to the write stream 
received from the host 2100 , data received from the plurality command ; and 
of flash memories ( 2221 to 222n ) , or meta data ( e.g. , reading third data from the system memory placed in the 
mapping table ) of the flash memories ( 2221 to 222n ) . The external host by transmitting a stream ready to transfer 
buffer memory 2240 may temporarily store various infor packet to the external host in response to the read 
mation required when the SSD controller 2210 operates . stream command , and then receiving a stream data - out 

The storage system according to example embodiments of packet including the third data from the external host , 
the disclosure may access a shared memory in a host or may the stream ready to transfer packet corresponding to the 
provide control information for controlling the shared read stream command , the stream data - out packet cor 
memory to the host without adding hardware . Thus , accord responding to the stream ready to transfer packet , 
ing to example embodiments of the disclosure , a method of 65 wherein each of the write stream command , the read 
operating a storage system and a host that have improved stream command , the read command , the data - in 
performance and a reduced cost is provided . packet , the stream data - in packet , and the stream data 
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out packet is a universal flash storage protocol infor transmitting a command including information about the 
mation unit ( UPIU ) defined by a universal flash storage shared memory to the external storage system ; 
( UFS ) specification . transmitting a write stream command and a read stream 

2. The operation method of claim 1 , wherein the stream command to the external storage system , each of the 
data - in packet further comprises buffer offset information 5 stream write command and the read stream command 
about an area of the system memory in which the second corresponding to an infinite timeout ; 
data is to be written . reading first data from the external storage system by 3. The operation method of claim 1 , wherein : transmitting a read command corresponding to a pre the stream ready to transfer packet comprises information determined timeout to the external storage system , and about a buffer offset and a buffer length with respect to 10 

third data stored in the system memory . then receiving a data - in packet including the first data 
within the predetermined timeout ; 4. The operation method of claim 1 , further comprises : 

receiving , from the external host , a control stream com receiving a stream data - in packet associated with the 
stream write command from the external storage sys mand corresponding to the infinite timeout ; and 

controlling the system memory by transmitting a stream 15 tem , the stream data - in packet including second data ; 
response packet including control information for con storing the second data in the portion of the system 
trolling the system memory , the stream response packet memory allocated as the shared memory in response to 
corresponding to the control stream command . the stream data - in packet ; 

5. The operation method of claim 4 , wherein the control receiving a stream ready to transfer packet associated with 
information corresponds to at least one of operations of 20 the read stream command from the external storage 
copying , moving , and swapping data stored in the system system , 
memory and an operation of deleting data stored in the reading third data from the portion of the system memory 
system memory . allocated as the shared memory in response to the 

6. The operation method of claim 1 , further comprising : stream ready to transfer packet ; and 
receiving , from the external host , a control stream com- 25 transmitting a stream data - out packet including the third 
mand corresponding to the infinite timeout ; data to the external storage system , 

changing a command identifier with respect to the stream wherein each of the write stream command , the read 
control command ; and stream command , the read command , the data - in controlling the system memory by transmitting an addi packet , the stream data - in packet , and the stream data tional stream data - in packet including the changed 30 out packet is a universal flash storage protocol infor command identifier and control information for con mation unit ( UPIU ) defined by a universal flash storage trolling the system memory , the additional stream data ( UFS ) specification . in packet corresponding to the control stream com 
mand . 10. The operation method of claim 9 , wherein : 

7. The operation method of claim 1 , further comprising : 35 the stream data - in packet further comprises buffer offset 
information about an area of the shared memory in receiving an additional write stream command and an which the second data is to be written . additional read stream command from the external 

host ; 11. The operation method of claim 9 , wherein : 
receiving a hibernation command from the external host ; the stream ready to transfer packet comprises buffer offset 

information about an area of the shared memory in transmitting a first response associated with the additional 40 which the third data is stored . write stream command and a second response associ 
ated with the additional read stream command to the 12. The operation method of claim 9 , further comprises : 
external host in response to the received hibernation transmitting an additional write stream command and an 

additional read stream command to the external storage command ; 
receiving a hibernation entry command from the external 45 system ; 

host ; and transmitting a hibernation command to the external stor 
entering a hibernation mode in response to the received age system ; 

hibernation entry command . receiving a first response associated with the additional 
8. The operation method of claim 1 , further comprising : write stream command and a second response associ 

ated with the additional read stream command from the receiving an additional write stream command and an 50 
additional read stream command from the external external storage system ; and 
host ; transmitting a hibernation entry command to the external 

receiving a stream abort command from the external host ; storage system in response to the first response and the 
terminating the additional write stream command and the second response . 

additional read stream command in response to the 55 13. The operation method of claim 9 , further comprising : 
received stream abort command ; transmitting an additional write stream command and an 

transmitting a response to the stream abort command to additional read stream command to the external storage 
the external host ; system ; 

receiving a hibernation entry command from the external transmitting a stream abort command to the external 
host ; and storage system device ; 

entering a hibernation mode in response to the received receiving a response associated with the stream abort 
command from the external storage system ; and hibernation entry command . 

9. An operation method executed by a host including a transmitting a hibernation entry command to the external 
system memory , the method comprising : storage system in response to the response associated 

with the stream abort command . allocating a portion of the system memory as a shared 65 
memory for sharing with an external storage system ; 

60 


